Context. Understanding the ecological impacts of the palm-oil industry on native fauna requires information on anthropogenic threats that may cause species decline or local extinction.
Introduction
Tropical rainforests of South-east Asia have long been exploited for their valuable timber and wildlife species (Brooks et al. 1999; Sodhi et al. 2004; Gibson et al. 2011) . Logging, poaching, and the illegal trade in wildlife occur throughout the region (Brooks et al. 1997; Sodhi et al. 2009 ). An additional threat is the conversion of large areas of forest to oil-palm cultivation (~14.6 million ha in the tropics) (FAO 2010) . In 2009, harvested area of oil palms covered approximately 5 and 4 million hectares in Indonesia and Malaysia, respectively (FAO 2011) . In Malaysia alone, oil-palm plantations and oil-palm crops in semi-traditional smallholdings covered 4 271 653 ha and 689 200 ha, respectively (MPOB 2011) .
Oil-palm landscapes support low levels of biodiversity relative to native forests (Fitzherbert et al. 2008; Koh and Wilcove 2009; Wilcove and Koh 2010) . Nonetheless, maintaining resident biodiversity in oil-palm landscapes is important because of the large area now dominated by oil palm (Pimentel et al. 1992; Groom et al. 2008; Nájera and Simonetti 2010) . However, oil-palm plantations may provide a safe haven for illegal hunting or poaching activities, thereby posing an additional threat to transient or resident species within oil-palm landscapes. Currently, there is limited information on the extent of wildlife poaching in oil-palm landscapes (Corlett 2007) . Poaching may occur for bushmeat consumption or the wildlife trade and some native fauna are killed because they are considered to be pests such as the Malayan porcupine (Hystrix brachyura) and wild boar (Sus scrofa) (Williams and Hsu 1970; Turner and Gillbanks 1974; Corley and Tinker 2003) .
Besides illegal hunting, there are other anthropogenic threats to native fauna in oil-palm landscapes. No studies have investigated the range of causes of death of native fauna in established oil-palm landscapes, including illegal hunting, road accidents or the presence of introduced predators. Previous studies have concentrated on the occurrence or abundance of native fauna in oil-palm landscapes (Aratrakorn et al. 2006; Peh et al. 2006; Koh 2008; Bernard et al. 2009; Edwards et al. 2010 ), but have not examined the anthropogenic-derived causes of death. More generally, the number of studies on fauna in oilpalm landscapes is still relatively small, although such areas have been promoted as being eco-friendly by the oil-palm industry (Basiron 2007) . The emergence of so-called 'sustainable' oilpalm plantations has been associated with the promotion of ecofriendly plantation management (Roundtable on Sustainable Palm Oil 2010).
In South-east Asia, oil-palm cultivation takes place either within industrial plantations (some of which claim to be eco-friendly) or in privately owned smallholdings. Oil-palm plantations usually contain modern infrastructure such as roads, flood-controlled ditches, fencing systems and housing areas for oil-palm workers (Piggott 1990; Corley and Tinker 2003) . In contrast, smallholdings lack such infrastructure, are almost 100% dependent on manual work. However, it is unclear how these different management regimes, with distinctly different infrastructure, influence the frequency of wildlife deaths in established oil-palm landscapes.
Because of the occurrence of some forest species in oilpalm areas (Maddox et al. 2007) , data are needed to assess which species are threatened in existing oil-palm areas. More specifically, there is an urgent need to understand the state of biodiversity in oil-palm landscapes under different management systems (Donald 2004) .
We posed the following questions: (1) do oil-palm workers hunt local wildlife within oil-palm landscapes; (2) how does the extermination of native pest fauna affect biodiversity under different management systems; (3) for a given plantation, do non-local poachers (from outside areas) affect biodiversity within the plantation; (4) to what extent do road accidents involving native fauna and motor vehicles contribute to wildlife death; and (5) to what extent do feral dogs (Canis familiaris) contribute to the mortality of native fauna?.
We discuss the implications of our findings for the formulation of environmentally sound management of oil-palm landscapes and for eco-certification schemes such as the Roundtable on Sustainable Palm Oil (RSPO) (Laurance et al. 2010) . Our findings and recommendations are valuable for mitigating further biodiversity loss in oil-palm landscapes worldwide. 
Materials and methods

Study sites
Oil-palm management
In total, 27 of 36 surveyed oil-palm areas were plantation estates managed by government agencies or private plantation companies, namely, the Federal Land and Development Agency (FELDA), the Federal Land and Consolidation and Rehabilitation Authority (FELCRA), Sime Darby Plantation and Perbadanan Kemajuan Pertanian Selangor (PKPS). The smallholdings were owned by independent oil-palm growers. These oil palm-cultivation areas were established 20 years, or more, ago.
We defined plantation estates as management units covering more than 50 ha of land (RSPO 2010), cultivated exclusively with oil palm and employing people for different management tasks. The planting density was 138-143 palms per hectare (Turner and Gillbanks 1974) . Estates are divided into cultivation blocks of uniform age which are characterised by networks of unpaved roads and irrigation drains. Harvesting of oil-palm fruits is repeated manually every 2 weeks by plantation labourers. Replanting occurs every 25-30 years following clear-cutting. Pesticides are used systematically. The estates are protected from harvest theft and wildlife poachers by plantation security guards, trenches and boundary fences.
Furthermore, we defined 'eco-friendly' plantation estates as oil palm-cultivation areas managed by companies that have been certified by the Roundtable on Sustainable Palm Oil as sustainable palm-oil producers or companies that have promoted themselves as eco-friendly (e.g. through environmental policy and practices such as biodiversity conservation measures). Conversely, we assumed that conventional plantation estates and smallholdings were not operated according to any ecofriendly guidelines (e.g. the principles and criteria of RSPO).
In contrast, we defined smallholdings as oil-palm landscapes that were <4 ha and owned by independent farmers or government-funded land-scheme settlers. The semi-traditional smallholdings usually comprised more than one age class of oil palms intercropped with commercial crops (e.g. bananas, cassavas, coffee, pineapples) or indigenous fruit trees (e.g. durians, rambutans).
Local ecological knowledge
We employed the method of local ecological knowledge (Anderson et al. 2007; Anadón et al. 2010) to quantify the number of reports of wildlife deaths caused by illegal hunting, road accidents and feral dogs. Unlike conventional field methods (e.g. camera traps or transects), Local ecological knowledge is non-intrusive for wild animals as well as being inexpensive and potentially highly effective for gathering basic information (Anadón et al. 2009 ). We assumed respondents were reliable surveyors of the landscapes (Anderson et al. 2007) because they worked at oil-palm sites on average 6 days per week, from 0700 hours until 1700 hours. Some plantation workers (e.g. security guards and labourers) worked on public holidays and after office hours. Anadón et al. (2009) used data from interviews with local shepherds to determine tortoise abundance in Spain. The time scale for observations made by the shepherds interviewed by Anadón et al. (2009) was 10 years. Other workers such as Anderson et al. (2007) used 2 years as a time scale and interviewed farmers (66% of the informants) about Colobus monkeys in Kenya. Altrichter and Boaglio (2004) interviewed local hunters about peccary abundance in South America up to 5 years after observation. Lopez et al. (2003) used 10 years as a time scale for interviews with fishermen about marine-mammal occurrence in Spain.
The application of local ecological knowledge in conservation studies
Semi-structured interviews
We asked semi-structured questions related to species mortality by illegal hunting, road accidents and feral dogs in oil-palm landscapes (Appendix S2). Interviews were anonymous and respondents answered only those questions they felt comfortable with. We recorded events only from the past 5 years. We gave local names (in the Malay and Tamil languages) and illustrations of the species (Medway et al. 1978; Francis 2008) to the respondents to confirm any species they had seen in oil-palm landscapes. We defined pest animals as oil palm-crop enemies. Malayan porcupine, wild boar, Asian elephant, monkeys and birds were identified as pest animals (Turner and Gillbanks 1974) . On average, a typical interview session lasted 15 min. In the present paper, we use the terms 'worker' and 'respondent' interchangeably.
Sampling approach
We randomly selected the interview sample at our oil-palm sites (Smart et al. 2005) and informed respondents that their responses would be confidential (Maroney 2005) . We approached only those people who had worked for more than 6 months in a given area of oil palm. Given their extensive local experience, coupled with guaranteed confidentiality of information, we are confident that respondents provided reliable ecological information.
To assess the prevalence of illegal hunting in oil-palm landscapes, we considered the following three potential situations: (1) workers voluntarily confessing their direct involvement in illegal hunting for bushmeat consumption or the wildlife trade; (2) workers reporting persecuting pest animals or crop enemies; and (3) workers reporting having observed poachers from other areas who hunted native fauna at a given study site. To clearly distinguish between extermination of pest animals and wildlife hunting, we asked workers about their primary intention for capturing or killing wild animals. We asked workers about the purpose of hunting (e.g. bushmeat consumption and wildlife trade), the method of hunting (e.g. trapping, firearms, and hunting dogs) and the factors that deterred some workers who did not engage in illegal hunting (e.g. management policy, wildlife law or simply lack of interest). In addition, we asked workers about the species killed or eaten by feral dogs, the estimated number of feral dogs encountered during the past 5 years and which native fauna had been killed in road accidents.
We are acutely aware that some respondents may have provided inaccurate or dishonest answers -as has been reported (Brooks et al. 2007; Jones et al. 2008) . However, interviewing a large number of respondents across different jobs in the palm-oil sector (e.g. labourers, supervisors, security guards and managers) would have ensured high-quality data for the present study. Furthermore, workers with different tasks or work schedules may encounter native fauna at different times or locations within oil palm-cultivation areas. Because we did not offer any incentives for participation in the interviews, we are confident that the answers given to us were reliable and ensured confidentiality.
Statistical analyses
We treated each respondent as an observational unit. For each anthropogenic threat, we used the number of wildlife deaths as a response metric. To determine the overall number of reports of wildlife death, we summed reported numbers of deaths from all causes. We used generalised linear mixed models (GLMMs) (Schall 1991 ) to analyse our data. We fitted models using a quasi-Poisson distribution with a log-link function. We used categorical data for agricultural systems, with conventional plantation estates, eco-friendly plantation estates, and semitraditional smallholdings as fixed effects. We included oilpalm cover as a covariate in the models. We used site as a random effect because oil-palm workers can be grouped according to the study site (Paterson and Lello 2003; Bolker et al. 2009 ).
We also analysed the distribution of feral dogs in oil-palm landscapes as a function of the management system. For feral dogs, we used GLMMs to determine the effect of different management systems on population abundance. We selected our final models by sequentially adding predictor variables to a fixed model. We performed all statistical analyses using GENSTAT 12 (VSN International, Hemel Hempstead, UK).
Results
We interviewed 362 plantation workers, including semitraditional smallholders who represented different jobs, genders and social backgrounds. Another 36 workers declined to be interviewed for various reasons (e.g. fear of self-implication or being too busy). Respondents comprised 239 Malaysians and 123 people of other nationalities. We interviewed 54, 180 and 128 workers in conventional plantation estates, eco-friendly plantation estates and smallholdings, respectively.
Workers confirmed that some native fauna species were resident animals in oil-palm landscapes. These species included the long-tailed macaque (Macaca fascicularis), Sunda pangolin (Manis javanica), monitor lizard (Varanus salvator), white-breasted waterhen (Amaurornis phoenicurus) and red junglefowl (Gallus gallus). Endangered species such as the Malayan tiger (Panthera tigris), as well as vulnerable species such as the Asiatic tapir (Tapirus indicus), were reported as rare or occasional visitors to oil-palm landscapes.
Illegal hunting, road accidents and feral dogs affected at least 25 native fauna species in oil-palm landscapes (Tables 1, 2) . Oilpalm workers reported that poachers entered oil-palm areas through existing roads at night. Poachers also abandoned their hunting dogs in oil-palm areas for unknown reasons. The major cause of animal death in oil-palm landscapes was illegal hunting (99.3%). Illegal hunting was not only conducted by the oil-palm workers that we interviewed, but was also undertaken by poachers from other areas (e.g. neighbouring villages or nearby urban areas).
In some areas, hunting was recognised as a standard control method for pest species (~60% of the reports). However, this was limited to a small number of native fauna considered to be pest species (e.g. wild boar, Sus scrofa, and Malayan porcupine, Hystrix brachyura). Native species considered as game animals were the most affected by hunting (Fig. 1) . These species have been hunted for subsistence purposes as well as for the illegal wildlife trade. In contrast, deaths from feral dogs (34%) and road accidents (13.9%) were reported less often by interviewees.
In all, 15% of respondents admitted to hunting species of native fauna. Of these, 87% and 13% of respondents committed illegal hunting for the purpose of bushmeat consumption and the wildlife trade, respectively. Even though not statistically significant, smallholders hunted more native fauna (32 animals per km 2 ) than did plantation workers in conventional (22 animals per km 2 ) and eco-friendly (15 animals per km 2 ) plantation estates (Wald statistic = 5.02, P = 0.097). The red junglefowl was the most popular game animal among those respondents who hunted for the purpose of bushmeat consumption (Table 1, Figs 1, 2) . Oil-palm cover has no significant effect on the wildlife death caused by illegal hunting (Wald statistic = 0.93, P = 0.344).
Only 10% of the respondents we interviewed stated that management policy or wildlife laws deterred them from illegal hunting. Of 53 respondents who confessed to being poachers, 81% and 17%, respectively, used traps and firearms. Only 2% used hunting dogs to capture game animals.
We found that more species of native fauna were exterminated (identified by respondents as pest species) in semi-traditional smallholdings (55 animals per km 2 ) than in conventional (25 animals per km 2 ) and eco-friendly (15 animals per km 2 ) plantation estates (Wald statistic = 12.65, P = 0.005). The longtailed macaque was reported to be the main pest species in oilpalm landscapes (Table 1, Figs 1, 2) . Oil-palm workers reported eating pest species such as the Malayan porcupine and wild boar. (Figs 1, 2) . Most road accidents involved the leopard cat (Prionailurus bengalensis) ( Table 2 , Fig. 2, Appendix S3 ). Oil-palm cover has no significant effect on the road kills (Wald statistic = 0.01, P = 0.931).
Feral dogs killed significantly more native fauna in ecofriendly plantation estates (46 animals per km 2 ) than they did in conventional plantation estates (12 animals per km 2 ) and semi-traditional smallholdings (25 animals per km 2 ) (Wald statistic = 7.33, P = 0.034) (Figs 1, 2) . The red junglefowl was reported to be the most frequently killed native species (Table 2) . Oil-palm cover has no significant effect on the wildlife deaths caused by feral dogs (Wald statistic = 0.02, P = 0.886).
Eco-friendly plantation estates supported a higher reported abundance of feral dogs than did other kinds of oil-palm areas (Wald statistic = 7.17, P = 0.001). In total, 16% of the interviewees reported that feral dogs also predated on livestock (e.g. chicken, goat and cattle).
The overall number of reports of wildlife deaths was significantly higher in smallholdings (238 animals per km 2 ) than in conventional (108 animals per km 2 ) and eco-friendly (140 animals per km 2 ) plantation estates (Wald statistic = 16.08, P = 0.001). Among different fauna groups, native mammals were the most affected by illegal hunting, culling of pest species and road accidents (n = 19 species), followed by avifauna and reptiles (Tables 1, 2, Figs 1, 2, Appendix S3). The wildlife deaths caused by various anthropogenic threats were not significantly influenced by oil-palm cover (Wald statistic = 0.57, P = 0.460).
Discussion
Our study is the first to determine the extent of native-animal mortality resulting from illegal hunting, road accidents and predation by feral dogs in oil-palm landscapes. Although some species of native fauna still persist in oil-palm landscapes, our results showed that many may be vulnerable to anthropogenic threats. Our five key findings were that (1) illegal hunting by oilpalm workers occurred in smallholdings, conventional plantation estates and eco-friendly plantation estates, (2) native fauna were more often destroyed as pest animals in smallholdings than in conventional plantation estates and eco-friendly plantation estates, (3) poachers from other areas conducted illegal hunting activity more often in smallholdings than in conventional plantation estates and eco-friendly plantation estates, (4) road accidents killed more native fauna in conventional plantation estates than in eco-friendly plantation estates and smallholdings and (5) feral dogs were reported as killing more native fauna in eco-friendly plantation estates than in conventional plantation estates and smallholdings. 
The close link between biodiversity loss and anthropogenic threats
We found that some oil-palm workers claimed to be either serious hunters (normally armed with a shotgun), experienced trappers or opportunistic poachers. Game animals such as the Sunda pangolin and reticulated python (Python reticulatus) were sold rather than killed and eaten by workers because of their high value in the illicit wildlife market. Oil-palm workers may be involved in illegal poaching because of poor wildlife law enforcement, particularly in oil palm-dominated areas. It is likely that most workers (including those working in eco-friendly plantation estates) are unaware of local laws regarding wildlife. Workers mostly consumed the red junglefowl, white-breasted waterhen, monitor lizard, Malayan porcupine and wild boar, depending on their religion (e.g. unlike Buddhist or Hindu workers, Muslim respondents avoid eating swine-like animals) (Corlett 2007) . Apart from poor enforcement, illegal hunting can occur in oil palm-dominated areas because of number of reasons. First, workers struggling on low incomes may resort to poaching. Second, indigenous people may continue with traditional hunting in the agricultural areas. Third, hunting also was conducted by workers to defend their crops and livestock against pest animals.
Of all native species under pressure from anthropogenic threats, the Sunda pangolin (a fully protected species in Malaysia) should be of particular concern for conservation biologists. Populations of this endangered species have declined greatly in South-east Asia as a result of trapping and hunting (Francis 2008) .
Interviewees named several pest animals that destroyed oil palms. In most cases, these pest animals were dealt with directly by oil-palm growers, rather than reported to authorities. Primates such as the long-tailed macaque and pig-tailed macaque (Macaca nemestrina) eat oil-palm fruit. In addition, most smallholders did not tolerate the presence of macaque monkeys because they consume the fruits of intercropped plants such as bananas.
Although hunting was prohibited in most plantation estates, poachers armed with shotguns or traps were observed by many of the workers that we interviewed. In smallholdings, this illegal activity was common, possibly because security officers and fencing were absent. The abundance of popular game animals (e.g. red junglefowl and white-breasted waterhen) in oil-palm landscapes attracted many poachers.
There are many roads to transport oil-palm fruit, especially in conventional and eco-friendly plantation estates. This has resulted vehicle collisions that kill or injure native fauna, particularly nocturnal animals. Native fauna move between forest and oil-palm landscapes. In Peninsular Malaysia, many protected areas are bordered by oil-palm landscapes and are attractive to some species because of food availability (e.g. domestic livestock that can be prey for large mammals such as the tiger). This makes them vulnerable to collisions with vehicles. In addition, conventional and eco-friendly plantation estates supported higher human populations (that live in well organised housing areas) than did rural smallholdings. As a result, conventional and eco-friendly plantations were characterised by higher levels of vehicle traffic and this would have posed more risks to road-crossing fauna.
Wildlife poaching and illegal trade are closely linked with roads (Laurance et al. 2008) . Endangered wildlife such as the Malayan tiger were commonly killed in road accidents in remote areas (Clements et al. 2010) where oil-palm cultivation dominates the landscape, but usually went unreported to wildlife authorities because carcasses would be dismembered immediately at the scene and sold illegally to poachers.
Feral dogs were more abundant in eco-friendly oil-palm plantation estates than in conventional plantation estates and smallholdings, possibly because plantation workers were allowed to keep domestic dogs, some of which eventually escape. Feral dogs kill both native fauna and animal livestock in oil-palm landscapes because plantation management rarely controls feral dogs.
Double-counting issue in local ecological knowledge approach
Although we could not entirely exclude the possibility of doublecounting of individual animals, we believe that this was rare because respondents typically worked alone and observations were taken over a long period of time within large oil-palm areas (more than 90 000 ha and bordered with lowland forest of at least 150 000 ha). The greatest and lowest densities of respondents, respectively, in a given plantation estate were at Monmouth estate, where there was one respondent per 54 ha, and at Bukit Kerayong estate, where there was one respondent per 675 ha (Appendix S1). The greatest and lowest densities of respondents, respectively, in smallholdings were at Sungai Terap, where there was one respondent per 10 ha, and at Kampung Gedangsa, where there was one respondent per 19 ha.
Conservation recommendations
Native fauna can be affected by various anthropogenic threats in established oil-palm landscapes, irrespective of the management regime. Some wild species or populations may survive forest conversion to oil-palm monocultures (Azhar et al. 2011; Foster et al. 2011) ; however, such remnant populations are susceptible to decline if oil-palm stakeholders are unable to overcome those anthropogenic threats.
Substantial illegal-hunting pressure occurs in established oil-palm landscapes, particularly smallholdings. Alleviating the threat of illegal hunting to native fauna should be a high priority, especially because some rare or threatened species are specifically targeted. On smallholdings, one solution may be to offer financial incentives to take part in wildlife monitoring or anti-poaching schemes. In the case of conventional and ecofriendly plantations, a key priority should be for the effective enforcement of hunting bans. This will require cooperation between palm oil-industry stakeholders, government agencies and environment NGOs. Law enforcement should be complemented with other measures such as promoting programs to educate oil-palm workers about biodiversity conservation and environmental regulations (e.g. wildlife-related crimes) (Appendix S4).
To prevent road accidents involving native wildlife, particularly in conventional plantation estates and smallholdings, appropriate road signs and speed bumps should be part of the road within oil palm-cultivation areas. Finally, exclusion of feral dogs from oilpalm landscapes will not only benefit biodiversity but will reduce losses of livestock.
Our data indicated that the implementation of conservation guidelines in eco-friendly plantation estates, as recommended by the RSPO in its certification scheme, is insufficient to protect native fauna. Our recommendations to reduce hunting pressure, limit collisions with vehicles and control populations of feral dogs should be included as part of revised guidelines for RSPO certification and, thereby, strengthen the protection of native animals within oil palm-cultivation areas.
Malaysian palm-oil companies have established large-scale oil-palm plantations in South-east Asia, Africa and South America. No doubt that these plantations will expand in the near future. These companies generally implement similar plantation management guidelines. So as to become responsible palm oil producers, these companies are also complying with the RSPO's principles and criteria. Hence, new measures should be introduced to curb anthropogenic threats from causing biodiversity loss in production areas and surrounding natural habitats.
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